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COMPLETE SPE0IFI0ATI0I7 
Coloured Mirrors 



We, LlBBET-OwBNS-]?OE.D GlASS COM- 

PAiSTYj a corpoTation organized under tlie 
laws of the State of Ohio, one of the 
United States ■of America, of City of 
5 Toledo, State of Ohio, United States of 
America; Assignees of William Hah.rt 
Colbert and Willaed Leroy Morgait, 
citizens of the United States of America, 
of Braclcenridge, Allegheny County, 

10 Pennyslvania, and Haverford, Mont- 
gomery County, Pennsylvania, respec- 
tively. United States of America, do here- 
ty declare the nature of this invention and 
m -what manner the same is to be per- 

15 formed, to he paxticularly described and 
ascertained in and by the following state- 
ment: — 

Out invention relates to coloured 
mirrors. It has to do more particxilarly 
20 with the production of mirrors having 
desired colour and reflectivity character- 
istics. More specifically, it relates to the 
production of mirrors of dSsired colour 
wherein the colour ia obtained primarily 

35 by producing interference of light rays 
which strike the mirrors. 

Accordingly the invention consists in a 
mirror having an effective reflectivity to 
produce an adequate clear reflected image 
30 and also producing visually effective 
colour comprising a support element, a 
composite partially transparent light re- 
flective film element, said composite film 
element inherently producing colour by 

36 lisyht ray interference and comprising a 
plurality of different partially transparent 
layers of substances having different in- 
dices of refraction, each layer having a 
thickness "with a range having a 

40 maximum of in which A represent a 

m 

wave length of light at which the mirror 
gives a minimum of reflected light and 
represents the refractive index of the 
material of said layer, and a substantially 
45 opaque non-reflecting or non-specularly 
... reflecting film element on the back surface 
IPrioe 8/-] 



of and of different refractive index than 
tlie one of said first mentioned elements in 
contact therewith, said substantially 
opaque film element reflecting light back 50 
tiirough said composite film element and 
'jioflifymg the coloured reflection pro- 
duced by said composite film element, said 
composite film element having a total re- 
flectivity greater than 10 per cent. 56 

Despite the wide possible use of coloured 
mirrors m furniture, store decoration, 
theatre decoration and other decoration, 
sales displays, etc.. and as automobile 
mirrors and the possible use of coloured 60 
reflective surfaces to add to the attractiver 
nesa nf shaped glass ware, there has been 
little use to date of such mirrors and sur- 
taces due to the expense of producing 
them and the few shades available. 65 

ihe accompanying drawings will aid in 
tie understanding of our invention. In 
tnese drawings: 

Figure 1 is a diagram showing- spectral 
reflection curves for silver, gold, copper 76 
and lead sulfide mirrors of the prior art 
igure 2 IS a diagram illustrating light 
waves of a single ray of a definite colour 
-tigure 3 is a diagram illustrating light 
waves of two rays of the same type vibrat- 75 
ing m the same wave phase. 

Figure 4 is a view similar to Figure 3 
but showing the rays vibrating in oppo- 
site phase. ■^•^ 

Figure 5 is a diagram illustrating how 80 
vaTious light rays will be reflected from a 
reflecting layer. 

Figure 6 is a transverse vertical view 
o_t a second surface mirror made with a 
single partially transparent reflecting 85 
layer showing a construction disclosed and 
Irif^K^iFJ^?/ co-psndinff Application 
JTo. 17854/45 (Serial Fo. 632,570) which 
IS presented here for purpose of com- 
parison. QQ 

Figure r is a diagram illustrating how 
various light rays will be reflected from a 
combination of multiple reflecting layers 
according to our invention, and showing 



some of tlie paths followed by the light 
rays. 

Figure 8 is a transverse vertical sec- 
tional view of a second surface mirror 
6 111 rule according to onr invention employ- 
ing a multiple number of reflecting layers 
according to this invention. 

Figure 9 is a similar view of a second 
surface mirror made iu ac'ord witli the 
10 invention employing numerous partially 
transparent reflecting layers of different 
materials and backed by an opaque non- 
reflecting layer. 

Fig'ure 10 is a transverse sectional view 
15 illustrating a first surface mirror made 
according to our invention which employs 
multiple reflecting layers. 

Figure 11 is a view similar to Figure 9 
in which numerous partially transparent 
20 reflecting layers of two different materials 
are employed in the mirror in spaced rela- 
tionship in accordance with the invention. 

Figiire 12 is a similar view of another 
mirror construction in accordance with the 
26 invention in wliich some of the multiple 
reflecting layers are found upon each side 
of the support. 

Figure 18 comprises diagrams C15, 
CI 9, C24, C25 and C26 illustrating the 
30 spectral reflection curves of mirrors made 
according to tlie invention. 

Figxire 14 is a diagrammatic spectral 
reflection curve such as is found with 
mirrors employing a single partially trans- 
85 parent reflecting film approximating one 
quarter wave length iu thickness. 

..Figure Jo is a similar diagrani as found 
with mirrors employing a partially trans- 
parent reflecting film or co-operating films 
40 in which the optical tliickues-J is .several 
quarter wave lengths. 

In the diagrams of Figure 13 are iudi- 
caterl curves which have- been- determined 
upon a spectrograph and particularly 
45 uDon the Hardy- recording spectrograph. 
The reflection factor as given corresponds 
at a full unit of one to If)Q percent reflec- 
tion ami the subdivisions are correspond- 
ing perrentages. The terms of the reflec- 
60 tion being in terms of magnesium oxide 
merely refers to -the experimental use of a 
magnesium oxide reflecting surface as the 
primary light source. Tlie other ordinate 
in these charts describes the wave length 
55 of the .spectral rays of lisht applied in 
the- spectrograph at which the reflection 
factors were determined, the various 
coloure/I rays being developed by usual 
prismatic separation. The wave length in 
60 millimicrons can readily be converted to 
statements of Angstrom units by multiply- 
ing by 10. 

Silver mirrors, of SS— 92% _ reflectivity 
value, made with clear ordinary plate 
85 glass have no colour, since all the various 



lis'lit rav.s are reflected approximately 
e.piallv, as seen from the spectral reflec- 
tion curves in Figure i. Some coloured 
mirrors have been used commercially 
v.-hich were made by silvering coloured 70 
glass, tlie colour thereby secured being the 
folour of the glass. The colour of the glass 
arises from the fact that the glass absorbs 
some tvpes of light rays more than others 
and the light rays which are transmitted, 75 
witli the least absorption, thus impart the 
coloiirto tlie glass. Thus. " Solex " green 
glass, made by Pittsburgh Plate Glass 
Company, is green because it absorbs 
much of- the red and blue light out of the 80 
white davlight as such light passes 
through the glass. A green miiTor. made 
with .silver on the " Solex " green glass, 
shows a reflectivity value, for visible 
light, of 61% and similar mirrora, made 85 
witli a blue glass and a flesh coloured 
glass, showed reflectivity values of 35% 
and 68.3 ?'o. These are all lower than the 
reflectivitv value ^of silver on the colour- 
less glass!! by reason of- the loss of the 90 
coloured light, which the coloured glasses 
absorb. The use of such coloured glasses 
is expensive and. moreover, satisfactory 
qiiolitv for forming mirrors is not readily 
available. 95 

Using plain plate glass, some coloured 
mirrors have been made in which the 
colour arises from the selective reflection 
of the various light waves of different 
colours to different degrees. Thus, gold 100 
mirrors show a spectral reflection curve, as 
shown ill Figure 1. The gold mirror 
appears vellow because little green or blue 
is retlecfed wliile much larger amounts of 
yellou- and red are reflected, the overall 105 
reflectivity of total visible light for gold 
mirrors being about 75 "o. The cojiper 
mirror, wliich reflects about 55% of all 
li'o'lit is orange-red being different from 
the gold mirror in that most of the light 110 
reflected is red. Copper mirrors have not 
been commercialized due to the unreliable 
methods -for their production. Gold 
mirrors are expensive and. therefore, have 
not gone into wide use. 115 

Tlie use of fuchsia or methyl violet dye- 
stuffs -in opaque lavers for mirror surfaces 
has ■|>een susrgested. Such mirror surfaces 
reflect 11.6% of- the total visible light. 
Experience with such mirrors indicates 120 
that where such dyes are used as the reflec- 
tive layer they must be iireseiit in fairly 
thick opaque layers and the reflectivity 
per'-entage is always low and the mirrors 
quite- dark. The colours sefured are invari- 125 
ablv the fomplementary colour to the nor- 
mal colour of the dyestuff when seen in 
solutions by transmission. Thus, methyl- 
violet gives a green mirror since the film 
transmits red and violet light and reflects, 130 
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selectively, the greeu lig-lit wliicli it does 
not trausmit. Tlius, tlie colour iu these 
nuiri'ors arises solely by selectiTe reflection, 
jiist as is the case with g-old, which when 
5 viewed by transmission is green, the gold 
being relatively transj^arent to green light 
but opaque to the red and yellow light 
which it reflects selectively. Mirrors of 
this type are not stable, the films rapidly 
10 brealiing up and spotting and in service 
the colonr soon changes to muddy non- 
reflective grays. As a result they have had 
no commercial use in spite of the demand 
for coloured mirrors. 
15 Mirrors made with platinum, iridium, 
or aluminum are silvery in appearance 
and without colour, while "those made with 
chromium, silicon or lead sulfide are dark 
and without colour tone. Likewise, glass 
20 coated with asphalt or black paint, with 
reflectivity values of 5%, and mirrors of 
black opaque glass, with 5% reflectivity, 
are not very useful because of their 
extremelv low reflectivity values and the 
^0 very dark images which thus appear in 
such reflective surfaces. 

Thus, despite the wide possible use of 
coloured mirrors and coloured mirror sur- 
faces, there has been little use to date be- 
JU cause of the expense of producing such 
mirrors and surfaces and the few colours 
.. and shades available, as shown above. 
One of the objects of our invention is to 
provide coloured mirrors or other 
<50 mirrored surfaces of a wide range of colour 
characte'ristics and of a wide range of 
reflectivity percentage csharacteristicH 
Avhich can be controlled as desired. 
AC object of our invention is to 

4U provide mirrors or other mirrored surfaces 
of various colours and reflectivity values 
in which the colours are mainly secured by. 
light interference effects and which are 
permanent and inexpensive. 
45 A further object of oxxr invention is to 
provide mirrors or other mirrored surfaces 
of various colours and reflectivitv values 
m which the colours are secured by lio-ht 
■ interference effects produced by two" or 
OU more extremely thin partially transparent 
layers of different substances actino' co- 
operatively to produce interference 
colour eftects, and in which the colour and 
reflectivity of the mirror or article are 
00 turther modified by an opaque non-reflec- 
tive backing layer. 

Yarious other objects will be apparent 
Irom the following description, 
rn t Polours which appear in thin-walled 
00 soap bubbles and in very thin oil films do 
not arise from any inherent colour in the 
soa_p film or in the oil. Also in these cases, 
It is well recognized that the colours do 
not come from any selective colour light 
bO absorption effects, as the soapy water and 



oil do not show such coloui-s directly. As 
tlie soapy water and oil in bulk are also 
clear and transparent and non-reflective, 
it is apparent that the colours do not arise 
from any selective reflection of light. The 70 
colour.^ are known to occur from inter- 
ference of the light rays, which results in 
a neutralization or loss of certain coloured 
lights and the residual light which then 
appears is, obviously, coloured. The par- 75 
ticular colour of light rays removed by 
interference is dependent upon the thick- 
ness of the film and its refractive index, 
as will be shown later. It is well Icaown 
that interference colours can only appear 80 
in_ extremely thin films which are of a 
thickness comparable to one-fourth the 
wave length of light and which are at 
least partially transparent. 

We have found that by depositing re- 86 
flective coatings of various materials in 
extremely thin films which are still parti- 
ally or considerably transparent that the 
two or more extremely thin semi-trans- 
parent laminae of different substances will 90 
act cooperatively to produce light inter- 
ference colours and upon backing these 
■with a substantially opaque non-specular 
reflecting coating of another material, we 
can secure a wide range of coloured 95 
mirrors of various reflective characteristics 
/J}'', "-'Fi^^^ rays of li^ht and in terms 
"itotal light reflection. TVe obtain these 
ett-ects by simple and inexpensive means 
and coloured substances or coloured glass 100 
are not necessary. The colours are per- 
manent and do not fade or alter, as they 
are dependent primarily upon physical 
tiffht interference effects. The substanti- 
ally opaque non-specular or non mirror 105 
reflective backing need not be coloured 
although it may be, but it is preferably of - 
a, different refractive index from "the 
immediately adjacent contacting layer of 
semi-transparent reflective material and 110 
by its substantial opaqueness it prevents 
viewing of the baclrgrbund through the 
mirror. - 

We have found that by the controlled 
deposition of very thin uniform semi- 115 
transparent films of many materials we 
can secure reflecting bodies of a wide 
range of colour and reflectivity charac- 
teristics. The material used as the reflect- 
ing sub.stance in any of the layers in the 120 
products need not have any inherent 
colour Such mirror bodies have been de- 
scribed more particularly in our copend- 
applications Serial Nos. 17854, 17853 
and 178oD filed July 12, 1945 CSerial Wos 
632,570, 624,846 and 652,851)' g back! 
mg the composite of the semi-transparent 
mirror layers with an opaque or substanti- 
ally opaque material of no specular reflec- 
tiTity, which may or may not be coloured, 180 



■(ve lu-oduce by the cooperative action of 
-tile various reflective layers aud tlie back- 
ing' entirely new and different mirrors 
witli cliaracterisiic colotir and reflectivity 
5 properties. Otlier combinations of reflec- 
tive layers ipay be employed according to 
onr invention. For example, we may em- 
ploy semi-transijarent interference layers, 
'backed up by a transparent layer, wliicli 

10 may have colonr, and which is backed up 
by 'a substantially opaque layer. Any 
desired number and arrangement of layers 
upon a support such as g-lass may be pro- 
vided as long- as at least two semi-trans- 

15 parent interference colour producing- 
layers are present in the structure in 
immediate contact and the mirror struc- 
ture is backed up by at least one layer 
■which is opaque or sufficiently opaque to 

20 prevent viewing of the background and 
■which is of a non-sjiecular reflective 
nature. 

The development of colours by light 
interference has been explained upon the 

25 basis that light radiations are of a ■wave 
form, such as shown in' Figure 2, ■which 
represents a single ray of a definite 
colour. Blue light dil¥ers from red in that 
the length of the waves is shorter in the 

30 case of the blue, and longer, in the ease 
of the red. The other visible coloured rays 
of light are of intermediate wave lengths. 
White light is composed of a mixture of 
all of these visible rays. If two rays A 

35 and A^ of the same monochromatic type 
or wave length happen to be vibrating in 
the same ■wave phase, as in Figure 3, tJiey 
amplify each other and the intensity is 
increased. However, if they happen to be 

40 vibratine in opposite phase, as shown at 
A" and A= in Figure 4, they interfere with 
or oppose each other and a loss of light 
intensity results. Thus, if in some way we 
can make some of the blue rays in ordinaiy 

46 white light get out of phase ■with other 
blue rays of the same -wave length, -we can 
remove some of the blue from the ordinary 
■ light. The remaining light will then no 

Telocity in air 

]sr= ■ : 

Telocity in substance 

If by A„ we indicate the wave length in air 
and' by A., the wave length in some other 
substance, it is apparent that these are 
100 .simply related as follows: 

(I) 



X varies somewhat with different monc- 
piiromatie waves of different wave length 



longer be %vhite but of a colour resulting 
from the remaining green, yellow, orange 50 
and red rays and will appear a reddish- 
yellow colour. 

If we consider two light rays impinging 
upon a reflecting substance (s), as in Fig- 
ure -5, and assume that ray (6) is reflected 55 
at the top surface (c), while ray (d) passes 
on tlirougli the semi-transparent layer 
(g) to the bottom surface (e) 
before it is reflected, it is apparent 
that the second ray has had a 80 
longer path to travel before it again 
emerges from the top surface (c) of the 
layer (s). Thus, the ray (d) lags consider- 
ably behind the ray (b) and in conse- 
quence, the crests and troughs of the waves 65 
of the two rays (d) and (h) can be arranged 
so that the difference in phase is such that 
interference of the waves of two of such 
rays, entering or being reflected at any 
point on the surfaces of (s). will occur. 70 
The time difference between the waves of 
the two rays will be dependent upon the 
thickness of the layer (s )and the speed 
with which the given light ray travels in 
the material comprising the layer (s). 75 

As the number of complete -wave cycles 
which any given monochromatic light ray 
makes per second or its frequency is a 
fixed constant, the variation in speed of 
travel of the light ray in diifcrent media 80 
causes a shortening or lengthening of the 
actual length of a wave as it travels 
through the varioiis media. Wave lengths 
for light are generally given with refei-- 
ence to their volumes in traveling through 85 
air and the speed of travel for all Ifght 
rays in this medium is given as 
299,910,000 meters per second. In denser 
materials, the light rays move slower and 
all the light rays do not necessarily move QO 
at the same speeds. Tlie proportionality 
constant IST between tlie velocity of light 
in a given substance and the velocity of 
light in air is called the refractive index 
for that .substance. 95 



"Wave length in air 



Wave length in substance 

but a similar equation holds for each wave 
length considered. In general, as the 105 
variations are usually small, a single con- 
stant for ISr can frequently be applied for 
all waves in the visible light range. 

In order for the ray (d) to come oul' of 
the top surface and be ISO degrees out of 110 
phase and to thus interfere with the ray 
(Si), it must be slowed down in time and 
distance equal to the distance of one half 
of a wave length of the ray in air, i.e.. 



6 



K 

— . As tie ray is travelling only l/]Sr as 

fast in. tlie substance (s), comprising tlie 
layer, and must traverse the tliickness of 
tlie layer twice, tiie tMclmess of (s) re- 
. 5 q.iiired to cause an equivalent slo-wing 

effect is then In a similar wa.j, 

thicknesses equal to 1, 3, 5 or any uneven 
lutegral multiples of this quantity should 
also show interference effects. If the lay 
10 (d) is reflected within the layer (s) not 
once, but two times, it is apparent that the 
film needed for interference need be only 

thick. Thvis, as shown in KgTire 5, 

wherein the ray (/) is shown as an inclined 
lb ray striking" the surface of the layer the 
light ray is reflected twice within the 
layer. The ray (/) is shown as inclined so 
as to spread the internally reflected rays 
for purposes of clarity. Actually, since 
20 the structure is a mirror, primary concern 
is with rays having' perpendicular or 
normal incidence to the surface. It is 
appreciated, however, that the effective 
thickness of the film will he changed for 
25 inclined rays. If the rav is reflected any 
number of times, such as li times, then 
■the film needed is thinner and is of a 
K 

necessary thickness as given by 

•n .T . . 

Inirtherniore, it is apparent that similar 

90 tliifknesses equal to 1, 3, 5 or any uneven 
integral multiples of such fjuantities will 
show interference effects with rays which 
are multiply^ reflected within the layers. 
Thus, the suitable film thicknesses for our 

36 films or composites of contacting partially 
transparent films are of the order of one- 
foiirth of a wave length of any visible 
light ray or some small multiple or sub- 
multiple of this, divided hv the refractive 

40 iudex of the material used in the semi- 
transparent film or films. 

Since the various coloured rays of light 
hare different wave lengths and these 
range from 4000 to 7500 Angstrom units 

45 or 0.4 to 0.75 microns or thousandth milli- 
meters in the visible spectrum, it is obvi- 
ous that a semi-transparent film which is 
thick enough to cause interference with 
I s'lt^rt blue rays will not cause inter- 

60 ference with the long red rays, etc. Thus, 
each thickness of semi-transparent film 
will take out certain defined portions of 
the spectrum and a film will take on a 
series of different colours as the thickness 

55 IS varied. As will be shown in the ex- 
amples which follow, the coloured mirrors 
of our invention produced by light inter- 



ference, show varied colours, depending 
upon the thickness of the semi-transparent 
mirror films employed. In the spectral 60 
reflection cuiwes for these mirrors, the 
portion of the curve and minima of reflec- 
tivity caused by interference, shifts from 
the blue range of wave length toward the 
red, as the semi-transparent film or films 65. 
are each made thicker. 

In Figure 14 there is shown a general- 
ized diagram of the spectral reflection 
curve type found with mirrors when a 
single semi-transparent min-or film 70 
approximating a one quarter wave length 

of light thickness, , or a group of 

two or more such semi-transparent mirror 
films are employed cooperatively to 
approximate a one quarter wave length of 75 
light in optical thickness ; the mirrors in 
each case being_ backed by an opaque non- 
specular reflecting layer. The location of 
the minima shifts with increasing thick- 
ness as indicated above, the minima being" 80 
clearly the wave length of light removed 
by the light interference effect and the 
wave length to be considered in establish- 
ing the optical thickness of the semi- 
transparent mirror or reflective film or 85 
similar multiple cooperating films. As 
the total optical thickness of the single 
semi-transparent film or semi-transparent 
cooperating films becomes a multiple of a 
quarter wave in thickness such as 3 or 5 90 
the distance between adjacent minima in 
the spectra becomes smaller as shown by 
the generalized diagrammatic spectral re- 
flection curve for mirrors of such type 
made under this invention as shown in 95 
rigure 15. 

The semi-transparent film or films must 
be continuous and of very uniform thick- 
ness, if the colour is to be the same 
throughout the mirror. This has called for 100 
special means of producing such semi- 
transparent reflective layers, in view of 
the extreme uniformity and extreme 
thinness of the semi-transparent layers 
desired. On the other hand, it is within 105 
the scope of our methods to produce 
coloured mirrors of mottled or variegated 
colours where the semi-transparent film 
thicknesses of one or several of such films 
are deliberately varied to cause such HO 
eftects. 

Interference effects in perfectly tt-ans- 
parent materials or in cooperatively act- 
ing multiple layers of these in immediate 
contact do not occur at thicknesses bevond 115 
about the ninth multiple of the quarter 
wave length factor already described In 
semi-transparent materials, the increas- 
ing absorption of light bv the increasing 
thickness of film, which is exponential 120 



with, respect to tte thickness, may soon 
Xeave so little light reflected from the 
bottom surface (ej that no interference 
efiect can be found in the reflected light 
5 which is then coming entirely from the 
top surface {c). Obviously if a mirror film 
is opaque all of the light is absorbed be- 
.foie ever striking the bottom surface {e) 
and, therefore, ng light is thrown back to 

10 canae interference enacts, particularly as 
the film obviously must be traversed twice 
if interference is to be obtained. Since 
most commercial mirrors have been made 
with mirror layers thick enougrh io be 

15 opaque, they ham not shown any inter- 
ference colours and their entire reflection 
occurs at the top surface of tlie mirror 
layer The occurrence of interference by 
multiple reflection within the layer or 

20 layers, as shown in ITigure o with ray (/; 
and in Figure 7 with rays n, p, q, o and t 
originating from light ray ^ is very 
quickly limited by tue transmission values 
for the film or films and. in practice, we 

25 have not found evidence for more than two 
to four such internal reflections although 
more may occur in the more highly 
transparent films and in the thinnest of 
the films. , , ^ f. 

30 It is thus apparent that the amount oi 
lio'ht which comes back through a semi- 
transparent mirror film or the muitipie 
films disclosed herein and is then avail- 
able at the upper surface or intermediate 

35 surfaces to cause light interference eitects 
is a function of the transparency of the 
material or materials used in the semi- 
transparent layer or layers, the trans- 
parency being considered with respect to 

40 the particular wave length of light at 
whicti interference is developed as. deter- 
mined by the film thickness or cooperat- 
ing film thicknesses. The transparency of 
the film or films with respect to ordinary 

45 visible light generally is thus important 
and we use layers in our composite film 
element which are partially or semi-trans- 
parent or which show a visible light trans- 
mission of 10% to 90% in the thickness 

50 employed. Preferably at least one of the 
partially transparent refiective films 
should have a transparency m this range 
and the other or others in a laminae of co- 
operating layers of different substances 

55 may have even higher transparency. 
Where all the partially transparent thin 
films are of over 90% transparency we can 
still prepare our coloured mirrors but the 
mirrors are of low colour saturation. 

GO 'Ilie amount of light refiecteil from the 
surface of a single semi-transparent layer 
is a function of the refractive index, being 
greater the larger the refractive index for 
tlje substiUif-e comprising tlii< film, and we 

65 fiiid nl^o becomes grenler a-f the Ihick- 



ness of the semi-transparent film increases 
until it is opaciue. \Yhile it may thus 
be an advantage to use a material or mate- 
rials for the semi-transparent mirror layer 
or layers which have a high refractive ; 
index to secure greater brilliancy of reflec- 
tion and to permit the use of thinner, 
more transparent films, thus giving 
greater efiicieucy of light removal by in- 
terference and thus giving purer and ' 
deeper colour tones, we do not restrict 
ourselves to the use of any particular 
range of refractive index materials but 
may use a wide range of substances. It 
is apparent that a material of about 50% \ 
reflectivity value, when viewed in a nor- 
mally opaque thick film, which can be 
laid down in very thin films which are of 
high transparency, will show the 
'brightest and deepest interference colours { 
as mirrors. We may, however, use mate- 
rials which in their ordinary opaque films 
or in bulk show much higher or lower 
reflectivity values than this and are not 
restricted to any raug-e in this constant, j 
although values lying between S(J% and 
SO'^b are preferred. Thus, thin calcium 
fluoride coatings will reflect something 
less than 10% of the light at the top sur- 
face and are very transparent (approxi- < 
mately 96%— 97%) and the reflected light 
coming from the back surface causes in- 
terference colours to develop but the depth 
of colour resulting is low due the while 
light mixed with the coloured light li,-ii)K 1 
;of a high Intensity. It is necessary that 
\he layers used for our mirrors liavc ihc 
characteristic of giving some specular or 
mirror tj'pe reflection of light, sijuw dif- 
fuse type reflection is not satisfactory. As I 
shown by the calcium fluoride this re- 
flected specular type reflection of light 
can be quite small from a given layer. 

Tlie statements of the preceding para- 
graph have discussed the usual reflectivity l 
of a single film of material in contact with 
air and" the relatioiishii) of such reflec- 
tivity to the refractive index of the mate- 
rial comprising the iilin. The reflectivity 
(R; at perpendicular incidence of light of 1 
a layer of material in contact with another 
continuous media at the interference be- 
tween the two media is known by optical 
prineii)les to be related to the refractive 
indices (Xi,X»( of the two media as \ 
follows: 



As tlie refractive index of air is 1 the 
relationslii]) simplifies for a sin.yle film of 
cnntinuou^ nature as di<'-usserl abnve. \\ 
Wit!! Hi.' ])arliallv- traiis])arenl filuiv oT 
s..i;.l< oi' .oj.iiiMK.n-. iii.tim- rmjilny.-! in 
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contact with eacli other in forming our 
mirxors it becomes apparent that the re- 
flectivity conditions applying at the 
various interfaces between such and at 
a any interface between these and the sup- 
port for the mirror are determined to a 
large degree by the refractive indices of 
the two adjacent contacting materials or 
While it is often of some advan- 

10 tage that these be of considerably different 
refractive index, materials having closely 
similar indices may also be employed. 

if adjacent layers of different materials 
are of the same refractive index then no 
lb reflection occurs at the interface between 
such layers and the two layers will co- 
operatively act as a single layer of such 
refractive index and a ray of light will 
act in such two layers as shown for a 

M single layer (s) in Figure 5. The limit- 
ing tight absorption of the composite is 
then a joint result of the individual 
absorptions of the layers. While some of 
^fj'^^^^* partially transparent reflec- 

25 tive films of continuous, nature and of dif- 
ferent substances may be of similar re- 
fractive index and thus act cooperatively 
we generally employ such adjacent cou- 
tactmg: and cooperating films of different 

30 inatenals having different refractive 
index. It is necessary however that in 
order that a partially transparent reflec- 
tive film contacting a surface of the sup- 
port, such as a glass plate, be of different 

86 refractive mdex from that of the support 
If such film IS not to become optieallv a 
part of the support. On the other hand 
wliere the film contacting the support and 
the support are of the same index of re- 

40 traction and where there is also present 
one or more other partially transparent 
layers ot different refractive index and of 
the desired range of thiclmess in the 
mirror structure and an opaque layer 

45 backing is employed, coloured mirrors 
will be produced according to this inven- 
tion, such other films and backing deter- 
mining the colour and generallv the re- 
flectivity of the mirrors. 

50 It is 'desirable but not entirely neces- 
sary for the purposes of this invention 
m order to bring about the desirable 
action of the opaque bacldng layer in 

^ modifying the colour and reflectance 

00 seciired m our mirror structures that the 
i^*^®,? °* refraction of such backing layer 
be different from the index of refraction 
ot the contacting iiartiallv transparent re- 
fleeting layer or the indei of refraction of 

DU the contacting support material. 

As will he apparent from the drawings 
representing our miiTor structures and 
from the above di.scussion our thin parti- 
ally trniisparent reflective films are layers 

65 of materials in a fontiiniou.s solid fnnu 



such as can optically act to cause inter- 
ference and they are in no case coatings 
made up of small separate isolated dis- 
crete areas or spots covering only a part 
of the contacting surface such as might 70 
cause colour phenomena by diffraction of 
light. 

As the opaque backing layer used in 
constructing our mirrors, we prefer to 
employ paints, or other pigmented coat- 75 
ings such as those having a shellac or 
lacquer base. Our opaque backing is 
such that it prevents viewing of objects 
through the completed mirror and the 
opaque hacking is such as to be without 80 
specular or mirror reflecting qualities. 
While we may use a black paint or 
lacquer which has practically no light re- 
flection we may use other opaque coatings 
which reflect some light m a diffuse or 85 
scattered manner and which do not reflect 
light specularly. Thus, we use white 
paint backings which give a high per- 
centage of reflection of light as scattered 
light such as 40 to 80% , or we may employ 90 
similar paint coatings which are of 
various colours such as pink, red, blue, 
green, yellow or orange. 

We find that when our thin semi-trans- 
parent reflective layers in which inter- 95 
ference colours are developed are backed 
up with a relatively thick opaque or sub- 
stantially opaque film of the above de- 
scribed character that light which is nor- 
mally lost out of the back of our thin 100 
semi-transparent mirror cooperating con- 
tacting laminae, is reflected and returned 
out through the face of the mirror com- 
bination in some cases resulting in gener- 
ally higher reflectivity values or in 105 
altered reflectivity values. Thus in 
Figure 5, the dotted arrows (g) and (h) 
indicate some light wliich is normally 
transmitted through the semi-transparent 
mirror film (s) which is not reflected at HQ 
surface (e), and which is consequently lost 
out the back of the mirror. By backing up 
the semi-transparent mirror film (s) (or 
similarly a multiple layer of such con- 
tacting films) with an opaque body, we 115 
attain a reflection of a considerable por- 
tion of the light represented m rays (a) 
and {k) in Figure 5. As the backing em- 
jyojf l reflects scattered or diffuse light, 
• ® i'f ^ returned by the opaque backing 120 
IS of different qualitv and such diffuse or 
scattered light is not available or not 
useful for mterfercnc'e with the light rays 
reflected from the surfaces and interfaces 
lorined by tlie various reflective layers in 125 
the mirror. IT liere the opaque baclcing is 
pig-uiented with a coloured pigment the 
scattered light thus returned out tlirougli 
t he fiit-e nf tbe mirror is modified bv light 
01 tile .same colour as the pigmented 130 



opaque body. Furtliermore, the opaque 
backing is found to modify tie colour of 
tlie mirrors produced wlieu employing a 
given composite of tiiin partially trans- 
5 parent layers wliicii in tkemselTes 
inhereatly produce light interference in 
that when the backing layer is of a dif- 
ferent refractive index from the contact 
ing layer or support there is formed a re- 

10 flective interface and the light reflected 
from such interface is reflected specularly 
and such reflected light is available to 
cause interference with other light rays 
either reflected at the front surface of the 

15 mirror or at the various other interfaces. 
' The light specularly reflected by the par- 
tially transparent mirror reflective layers 
comprising the composite element and the 
light si^ecularly reflected at the lower sur- 

20 face of the support or partially trans- 
parent film element in contact with the 
opaque backing serve to form readily dis- 
cernible clear mirror images in the mirrors 
produced and the images and mirrors are 

2S coloured by the cooperative light inter- 
ference effects which occur. The backing 
■ also makes a useful commercial mirror out 
of the otherwise partially transparent and 
reflective Alms by preventing the light 

30 from the back coming through the mirror 
and by preventing the visibility of images 
behind the min-or construction. 

Fui'thermore, tor example, if the bemi- 
transparent mirror film comx^risiug- co- 

35 operatively acting laminae or layers is of a 
thickness that the reflected blue rays, for 
example, are. out of phase and are, there- 
fore, destroyed by interference, this in- 
creased reflection for blue ligh't at surface 

40 (e.) results in more light for interference 
at the top surface (c) and greater destrue- 
tiou of blue light. Thus, the red colour 
of the mirror is also intensified. Eor this 
to happen it is not only necessary that the 

46 semi-transparent films be fairly trans- 
parent to blue light but that the interface 
at the bottom surface of the layer in con- 
tact with the relatively opaque backing 
reflects blue light. If the semi-trans- 

50 parent layers are also good transmitters of 
red rays and the interface at the top of 
the opaque layer reflects red rays, an in- 
tensification of reflected red light is 
secured by the use of the substantially 

-55 opaque backing layer. Thus, still greater 
intensification of the red colour of the 
mirror or mirrors is secured. It is thus 
apparent that a wide variety of colours 
and reflection values crm b- secured in our 

60 mirrors. It will be apparent that the 
opaque backing must be of a different 
substance than the contacting layer.. 

It ivill be apparent that tlie 'light traus- 
missinn characteri-itics nf tlie senii-irans- 

65 parent reflective layer employed in the 



composite film element will have an effect 
upon the colour of the mirrors produced. 
Thus, for example, if in a composite ele- 
ment we use a lead sulfide film which 
selectively transmits very well in the red, 70 
it is ai^parent that these red rays will 
penetrate into the mirror to a greater 
degree than the other coloured rays of 
visible light. In turn there will be a 
greater proportion of these red rays re- 75 
turning to the face of the mirror if the 
interfaces reflect such rays. More of such 
red light is thus available to cause inter- 
ference ijroviding the composite partially 
transparent film element is of a thickness 80 
to cause interference with such red rays. 
If the latter is the case then red is re- 
moved to a greater degi'ee than might 
otherwise be expected. At other thick- 
nesses of the partially transparent layers 85 
of lead sulfide film interference in the red 
is not occurring and there is a large pro- 
portion of red light in the reflected light. 
If in a composite element a gold film 
which transmits green to a high selective 90 
degree is employed the green rays will be 
found to be similarly largely removed or 
strongly ^jresent in a manner correspond- 
ing to the discussion just given. Thus 
selective absorption efl-Tcts within our par- 9.5 
tially transparent alms tend to increase 
the degree of interference in some cases 
and in other cases tend to give colouring 
elfects resulting from the specific light 
absorption or transmission effects of such 100 
films. 

As a material suitable for the forming 
of the very thin semi-transparent reflec- 
tive layers, we have found the use of very 
thin films of lead sulfide to give particii- 105 
larly attractive results. In its use in the 
uoruinl opaque mirrors of fairly thick 
films, it is a practically coloiirless mirror, 
as shown by i'igure 1, which shows the 
reflectivity, about 30%, for all the wave 110 
lengths of lig-ht to be about the same. It 
has a high refractive index of 3.9 and is 
quite transparent in the thicknesses which 
will cause interference effects. Gold, hav- 
ing !i refractive index of 1.18 at 4400 115 
Angstroms and of 0.47 at 5890 with a- nor- 
mal reflectivity curve, as shown in Fig'ure 
1, is quite transparent in very thin films 
to green light. So also is copper which 
reflects, as sho^n in Figure 1, when in 120 
opaque films and which has a refractive 
index of 1.10 at -5000 Angstroms and 0.44 
at 6500. Either of these substances, in 
combination with partially transparent 
layers of other substances, may be used in 125 
2)roviding mirrors of a range of colours, 
when used in layers which are semi-trans- 
parent and which are sufficiently thin to 
cause cohmr develiipment tlirougli liglit 



metallic luster, such, as stibnite and 
molybdenite, having a refractive index of 
4.3, and each of about 40% general reflec- 
tivity in the visible range with a slight 
6 bluish cast, are quite suitable. Pyrite, 
which reflecta a maximum of 60;% iii the 
red and a minimum of 45% in the blue, 
may be used as a layer in a composite ele- 
ment comprisiug a plurality of thin parti- 

10 ally transparent layers, as may also silicon 
normally of about 38l% reflectivity, and 
having a refractive index of 3.8 to 4.2. 
Antimony, having a refractive index of 
1.62 and a reflectivity of about 55i%, can 

10 likewise be used. Fluorite or calcium 
fluoride, having a refractive index of 1.43, 
and other fluorides of about the same re- 
fractive index, such as magnesium 
fluoride having an index of 1.38, may be 

»0 used as a reflective layer, although these 
very transparent substances are of low 
reflectivity values as previously men- 
tioned. Thus, for fluorite alone the esti- 
mated reflectivity value -would be 3% to 

25 4% uniformly throughout the visible 
range and very thin films of this material 
give low reflectivity values and give light 
interference tints where used as separate 
single films. 

30 It is also possible to use films, which are 
in the desired thin range and which cause 
interference colouration of mirror type 
reflectors in which the film is a jointly 
deposited mixture, chemical combination, 

36 or alloy of film-formiug materials. For 
example, a jointly deposited mixture of 
gold and lead sulfide is suitable. 

Wliile no colour need be present in the 
materials used as the semi-transparent re- 

40 fleeting layers, such as in the case of lead 
sulfide, the use of such materials as gold, 
sho\ying selective specular reflection, as a 
semi-transparent layer, brings an addi- 
tional source of possible variation of both 

45 the hues and spectral reflectivity charac- 
teristics in our final compound mirrors 
produced by using these layers bached by 
a substantially opaque layer. The use of 
a material for a semi-transparent reflec- 

00 tive film which has colour characteristics 
in its normal reflection, such as gold, im- 
poses its normal reflection spectral limits, 
to some degree, on the general nature of 
the Hsrht reflected by the mirror and from 

00 which various spectral components are 
subtracted by the lis-ht 'interference 
effects. Thus, in ireneral, our compound 
mirrors which include a very thin semi- 
transparent layer of jrold film or of such 

60 £?old and magnesium fluoride films are of 
hia;her total reflective values and thus 
bri£>'hter, and also of particularly higher 
reflectivity in the yellow and red. than are 
similar compound mirrors having thin 
no semi-traiis]i!irent layers of lead sulfide, or 



of lead sulfide and silica, the colours and 
reflectivities, in each case being derived, 
to a main degree, by the interference 
eftects arising from these layers in com- 
bination with the normal reflective 70 
characteristics for these materials and, in 
turn, further modified by the nature of 
the siibstantially opaque backing used. 
Cuprite or cuprous oxide, which is a 
bright red and gives a reflectivity in bulk 75 
ot about 20% and has a refractive index 
of ^.7, as well as ordinary cupric oxide 
have been -found to be quite satisfactory 
as materials for use in the ssmi-trans- 
pa,rent layers in making our compound 80 
coloured mirrors. 

While silver or aluminum alone as a 
single layer do not lend themselves to giv- 
ing coloured reflective mirrors due to 
failure of light interference to occur in 86 
these single films, we have found, when 
employed in mirrors in very thin partially 
or largely transparent layers with other 
thin films of different substances, that ex- 
cellent interference coloured mirrors are 90 
obtained when a suitahle opaque backing 
IS applied to such structures. Other 
silvery metals may also be used in form- 
iug_^ the thin partially transparent layers 
which either singly or in combination 95 
with other metals or materials in multiple 
composite layers of such nature are em- 
Iiioyed in forming our mirror structures, 
iinis, for example. i)latinum, iron, or 
cobalt or even the darker metals, such as 100 
chromium are suitable. Most oxides, sul- 
fides, selenides, tellurides, and halides of 
inorganic nature may be employed in 
forming the thin partially transparent re- 
flective layers in our mirrors and by way 105 

l^ample, hut not by limitation, we may 
add_ to such substances already enumer- 
ated, silica, lead oxide, magnesium oxide, 
silver oxide, aluminum oxide, arsenic 
oxide, tin oxide, titanium oxide, iron 110 
o.xide,^inc sulfide, copper sulfide, lead 
seleuide, hthmm fluoride, silver chloride, 
sodium chloride, lead chloride, and lead 
fluoride. Most any solid inorganic mate- 
rial may be used and we may also use 115 
similar thm partially transparent layers 
of solid organic materials, and particu- 
larly of plastic materials such as the poly- 
methacrylate resins. The commercial 
jjolymethacrvlate plastics have a refrac- 120 
tive index of approximately 1.49. 

The thin partially transparent layers 
may be produced in several ways to secure 
the necessary uniformity and continuity 
of thkdaiess in our semi-transparent reflec- 125 
tive films and thereby secure u.niformity 
of colour and reflectivity characteristics 
throughout a mirror body and at the same 
lime permit control of the forming of 
the dp.'^ired thicknesses in such films. De- 130 
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position from a solution as a support is 
witlidrawii from such solutioa at a con- 
stant rate is a well tnown metliod applic- 
able to tlie organic materials generally 
5 and suitable for such otter simple in- 
org'anic substances as are readily soluble. 
"Where the mirror films are deposited 
chemically, the deposition reactions must 
be greatly retarded, as compared -with the 
10 Icno-mi methods of chemical deposition. 
Thus, the reaction mixtures and tempera- 
tures of deposition must be_ changed to- 
ward slowing down the entire deposition 
process so as to give more uniform and 
15 even development of cystal nuclei and 
even slower than normal rates of growth 
onto these nuclei. This deposition jirocess 
is described more fully in our eopiending 
application directed to' Method of Making 
20 Coloured Mirrors. Serial No. 17853, filed 
July 12, 1945, and in the following ex- 
amples. We find the deposition of our 
very thin semi-transparent reflective films 
hy thermal evaporation of the substance 
25 within a high vacuum to be a particu- 
larly attractive method. 

A discussion of the various figures illus- 
trating some of the mirror structures that 
niny be made under this invention will 
30 bring oui the wide diversity of possible 
arrangements of the several films involved 
in such structures and indicate bow the 
composites of partially transparent reflec- 
tive films cooperate together and with the 
36 backing layer of different material to give 
visually coloured mirrors in which objects 
are clearly visible as images and iu which 
the background cannot be viewed because 
of the opaqueness of the backing layer. It 
40 will be understood that in the figures like 
reference numbers indicate similar types 
of layers, or supports, and that the thick- 
nesses as indicated by the drawings are 
solely for the purposes of illustration and 
45 that such" thicknesses do not show the true 
proportions of the layers actually used in 
constructing our mirrors. 

The sectional view of Figure 6 illus- 
trates a second surface mirror made 
50 according to our prior invention as dis- 
closed in prior copending Application 
Serial Xo. 17854/40, /Serial Afo. 6.32,570) 
and which consists of the glass or other 
transparent support 1 , the single continu- 
55 ous semi-transparent mirror film 2, and 
the substantially opaque backing 3. 

As some of our compdimd mirrors may 
be easily scratched or otherwise .spoiled, 
we may coat the back of the substantially 
6Q opaque backing with a thicker protective 
layer of a paint, lacqxier, or shellac. Such 
last applied protective coatings do not 
take any part in the optical functioning 
of the mirror. 'We may also form our 
65 mirrors, by disposing the semi-transparent 



film element on the front surface of the 
support and the substantially opactue film 
on the back surface of the support. 

In Figure 8 there is represented a 
second surface mirror structure which dif- 70 
fers essentially from that of Figure G in 
that the composite, partially transparent 
light reflective film element 5 is used in- 
stead of the single film element 2. This 
composite film element comprises the two 75 
partially transparent layers 6 and 7 which 
cooperate in producing interference 
colouration and in giving reflectivity. A 
protective coating 4 also covers the back- 
ing. . . 80 

Figure 9 illustrates a structure similar 
to that of Figure 8 but differing essenti- 
ally iu that the composite element 8 com- 
prises the three partially transparent 
layers 9, 10 and 11 which cooperate in 85 
producing interference colouration, and iu 
giving reflectivity. 

In Figure 10 there appears the first sur- 
face mirror structure comprising- a sup- 
port 1 which need not be transparent the 90 
opaque mirror layer 3. and the partially 
transparent reflective layers 12 and 13 
forming the composite element 14. This 
composite element cooijerates with the 
opaque backing to determine the colour 95 
and reflectivity of the mirror structure. 
The mirror may be protected on its front 
face by n transparent lacqxier film 15 
Avhich may also be coloured, if desired, 
sucli film being thicker than nine (juaiterlOf 
wave lengtli factors to prevent flic same 
having any light interference effect. 

Figure 12 represents a complex mirror 
structure made in accordance with tlie in- 
vention in which the contacting thin par- lOf 
tiaily transparent layers are upon the 
opposite' side of the support from the 
opaque backing and in which' a further 
single partially transparent layer is iu 
contact" with tlie backing. Thus, upon the II 
front side of the transparent support 1, 
tlie layers 16 and 17 are contacting^ thin 
lamina? which cooperate iu giving- inter- 
ference effects, and upon the back of the 
support the layer 18 is the single layer 1] 
of suitable properties and thickness to 
cause interference effects, and backing 
tins is the opaque backing 3. The film 4 
is merely a protective paint or other coat- 
ing and'the'film 15 is of the transparent 12 
protective type as discussed in connection 
with Figure 10. 

The mirror of Figure 11 comprises tlie 
glass support 1, the three partiallv trans- 
parent layers 19, 20 and 21, and the three IS 
partially transparent layers 22. 23 and 24. 
The layers are backed by an opaque back- 
ing -3, "and this in turn may be protected 
if desired bv a iiaiut or other coating 4. 
Tlie several layers 19. 20. 21 may each be ]! 



of similar thickness or varied and of tlie 
same or different material. TKe same may 
be true for tlie layers 22, 23 and 24. In 
sucli a structure the large number of semi- 

5 transparent layers act cooperatively to- 
g-etber .to form tbe composite element 25, 
and tbis composite element and tbe opaque 
backing' determine cooperatively tbe 
colour and reflectivity of tbe mirror so 

10 produced. 

'\Vbile our compound mirrors receive 
tbeir colours from tbe tbinness of tbe 
upper reflective films and tbe resultant 
ligbt interference, and from tbe nature 

16 and reflective cbaracter of tbese films, 
and furtber from tbe nature of tbe sub- 
stantially opaque backing layer, it is 
apparent tbat -we can furtber modify tbe 
colour range and reflectivities of our 

20 mirrors, if we use instead of colourless 
glass, as tbe mirror support, a coloured 
glass or otber coloured support body of 
transparent material. Tbe colour absorp- 
tion cbaracteriatics of tbe support will 
25 limit tbe total reflectivity percentage pos- 
sible and sbift tbe general tones of colour 
in tbe direction of tbe colour of tbe glass 
or support material used. Similarly 
coloured transparent layers tbioker tbau 

30 and vidthout light interference effect 

may also be introduced into tbe struc- 
tures in any siiitable arrangement. 
_ Wlaile tbe necessary tbickness in u 
_ single partially transparent film or layer 
85 wben used alone in mirrors witb tbe back- 
ing bnyer needs to approximate a quarter 
A 

wave lengtb factor at or 

some simple multiple of tbis, or 
wbere multiple reflection of R times is 
40 possible, some submultiple sucb as 

, to develop light interference 

colours, we find tbat, when employing a 
composite laminie of different substances 
to cooperatively produce light interference 
45 colours any one or more of these films mav 
■ be of any extreme thinness, as long as they 
are continuous, but that any such film may 
9X 

not exceed a maximum tbickness of 

if it is to function in part in determining 
50 or giving light interference coloured re- 
flected light or mirror images. Thus we 
have eniployed individual films in our co- 
operating laminae of partially transparent 
reflective layers which have ranged as low 

56 in thickness as tbe .004 part of a —— 
4N 



3A 5A 

factor and as high as to ■= and we 

4F 4N 

find films in the range of .01 to 2.5 times 
X 

the quarter wave length factor in 

4N 

thickness to be particularly useful. 

In the composite combinations, of ad- 60 
jacent contacting partially transparent 
layers we may employ any combination of 
substances such as all the films being of 
metallie nature or of non-metallic or of 
organic nature, such for example, as ad- 66 
jacent thin copper and silver layers backed 
by an opaque backing or adjacent zinc 
sulfide and sodium fluoride layers; or 
these may be of mixed natures such as cop- 
per and magnesium fluoride or silica and 70 
copper. It will be apparent however tbat 
tbe order of arrangement of any given 
group of layers of different substances in 
tbe mirror with respect to tbe face of the 
mirror will result in mirrors of different 75 
colour and reflectivity qualities as the 
layers are variously arranged with respect 
to each other. 

Thus a second surface mirror having a 
film of copper of ,030 microns and trans- 80 
niittiug 20% of light when deposited on 
glass gave a composite mirror, when fur- 
ther coated witli a transparent layer of 
.080 microns thickness of magnesium 
fluoride and a final coating of an opaque 85 
black paint which was of red yellow red 
colour and of 50% overall reflectivity. 
When a similar tbickness of magnesium 
fluoride was first deposited upon tbe glass 
and this was then coated with tbe same 90 
.030 microns of copper and the latter then 
coated with the opaque black paint, a 
second surface mirror of a brighter and 
whiter tone was secured of colour yellow 
red to yellow red yellow, tbe reflectivity 9£ 
being higher (52%) and the degree of 
interference colouration being less. 

Consideration of tbe various possible 
reflections at. tbe different interfaces and 
of the internal multiple reflections of light lOO 
within a composite mirror structure, as 
diagrammatically shown by tbe light rays 
in Figure 7, shows that the light may fol- 
low many alternative courses to various 
degrees depending upon the total and 105 
selective light tran-smission character and 
action of the various films and tbe refrac- 
tive indices of the adjacent layers and con- 
sequent reflective conditions at each of tbe 
interfaces, and as tbese rays are also modi- 110 
fied by tbe opaque backing. Thus in tbe 
mirrors just described tbe second surface 
mirror comprising the arrangement glass- 
copper-magnesium fluoride-opaque black 
paint arranges tbese materials so that tbe 115 
refractive indices of the adjacent sub- 
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stances foUo-w the sequence 1.56— (0.44 to 
X JO) — 1.38 — (?), -while in the second mir- 
ror arrangement glass-magnesium fliior- 
ide-copper-opaqne silver the sequence ot 

5 refractive indices of the adjacent layers is 
1 56— 1.38— (.44 to 1.10)—? (the refrac- 
tive index of the black paint coating yas 
not known). It will be observed that the 
various differences in index of refraction 

10 of adjacent layers i.s generally lower for 
the second arrangement of the materials 
and consequently the relative reflection 
occurring at the various interfaces is less 
than in the first mirror construction and 

15 the interference action is less complicated 
and not as much light is apparently 
affected in such manner. While the ad- 
jacent layers may thus most effectively be 
arranged for maximum colour developed 

20 by an-anging the adjacent layers to sho^v 
the most abrupt changes in index of re- 
fraction it is apparent that for the pur- 
poses of producing our mirrors almost any 
arrangement will suffice and produce our 

2b desired colour and reflectivity effects to 
some desired degree. 

As previouslv indicated where the ad- 
jacent contacting partially transparent 
iuyers are of the same refractive index 

30 these layers cooperate in producing light 
interference in a manner just as a single 
film of the total thickness of sue^li layers, 
neglecting differences orismfi' from at'- 
sorption effects. 1^'liere the adjacent con- 

35 tacting partially transparent layers are ot 
different refractive index each film acts to 
retard the passage of a light wave through 
itself to a degree dependent upon its thick- 
ness and refractive index. Such retarda- 

40 tions upon light rays sucli as a ray J m 
Figure 7 may act alone upon the rays 
directly reflected after passage through 
the top laver such as with ray L or multi- 
ply reflected ray N. .Such rays can then 

45 cause interference with the ray K reflected 
directlv from the top surface of the mir- 
ror. The retardations in the vanous con- 
tacting layers however are additive or co- 
operative 'in effect with each other after 

50 passage .of the light into the subsequent 
layers as would be true for such rays as 
M or P or the other multiply reflected 
rays such as 0, T, and Q. It is apparent 
that each ray would show vanous and 

55 different retardations and that each may 
show interference with the front surface 
reflected ray K or similar rays or witli 
others of the various rays such as those 
illustrated. The relative strength oi the 

60 separate rays varies with the reflective 
conditions at tlie varioxis interfaces and 
the light absorption effects experienced in 
passage of the rays through the layers it 
travels through. 

65 Thu'^ the conditions of interterenr-e and 



reflection are extremely complex but the 
various films cooperate in securing the 
necessary retardation of some rays of light 
to get these out of phase with others and 
to thus cause the development of colour hy 70 
such light interference effects. As previ- 
ously indicated, colour is developed by the 
various possible combinations of thick- 
nesses among the separate partially trans- 
parent reflective films, each such film 75 
apparently cooperating with the other 
such films in producing the light inter- 
ference. As the respective films fonning 
the composite element are varied in thick- 
ness the various coloured mirrors thus re- 80 
suiting vary in colour continuously as 
either film is changed in thickness. Re- 
ducing the thickness of one layer, such as 
a copper layer, and increasing the thick- 
ness of the second layer, such as silica, has 85 
been found to result in producing approxi- 
mately the same coloured reflective mir- 
rors. ' This indicates a general hyperbolic 
relationship between the thicknesses of 
the two layers and that they cooperate or 90 
replace each other giving a colour effect 
dependent upon some cooperative or sum- 
mation effect of the two films. 

The fact that the same colour appears 
in sets of mirrors embodying a composite 95 
of two partially transparent reflective 
layers in whic^i the separate layers 
are altered in the thickness in c-om- 
pensatiug manners would indicate that the 
same wave lengths of light were altered by 100 
interference brought about by the retard- 
ing rays and that the spectral curve for 
each mirror would show a minima at the 
same general wave length position. The 
ability of two substances to alternatively 105 
compensate for each other as their thick- 
nesses are changed in a composite of two 
partially transparent thin layers is natur- 
ally restricted in the one sense insofar as 
selective absorption effects peculiar to the 110 
one or the other substance also come into 
play. Successive series of mirror may be 
produced which traverse the entire spec- 
tral range and it is found that mirrors 
going through the spectral range of col- 115 
ours in several successive series may be 
formed as the thickness of one or the other 
of our semi-transparent thin films in a 
composite is continuously increased. 

In view of the many complex paths as 120 
shown in Figure 7 in which the light rays 
may be^ directed within our multiple lay- 
ered mirrors and of the considerable 
amount of and number of multiple in- 
ternal reflections jjossible in the very thin 125 
highly or partially transparent layers it 
would annear that while the summation 
of the retardations of the light rays in the 
individual layers might be calculated hy 
the well known vectorial metliod apjili<-d 130 
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to suc'L, multiple layers it is apparent that 
due to tke numerous multiple reflections 
occurring that the sums would not only 
indicate tiie cooperatiTe films as acting 

5 similax to single films of — thickness or 

some multiple of this as 3, 5, 7 tut that 
interference colour effects were secured in 
our mirrors at numerous thicknesses, such 
calculated totalized thicknesses as ■are siib- 
A 

iO multiples of this such as and multi- 

pies of tliese figures by odd integers 1, 3, 
5, 7 and so forth. In the examples whicli 
follow many cases appear where E appears 
to be of value 2, i and 8. However, as the 

15 phenomena in the mirrors as made under 
this invention are highly complex and 
further complicated by absorption effects 
we do not feel that such values as may so 
be calculated are limiting. 

20 The mirrors, produced in the manner of 
this invention and in the examples wMcb 
foUow will bave a desired colour and re- 
flectivity value and the colour indicated 
in eacb example will be the colour of tbe 

25 mirror when viewing it directly at per- 
. pendicular or normal incidence. When 
viewing the mirror at different angles, the 
shade of the colour will vary. 

The nature of our new mirrors and their 

30 means of formation will be apparent from 
the following- examples. 

Example 1. 
If in preparing a semi-transparent lead 
sulfide reflective coating which may be 

35 one interference layer of a composite 
partially transparent light reflective inter- 
ference film element, we arrange to blow 
a fine gentle current of air on the top of 
the glass plate, while it is in the pan being 

40 coated with the lead sulfide, and do so at 
several points, the resulting mirror pro- 
duced when backed with an opaque non- 
specular refiective coating^ will not" be of 
one uniform eoloxir throughout but will 

^ show a variegated pattern in various col- 
ours. This is due to the fact that the film 
thickness of the deposited lead sulfide 
at various points on the glass will vary. 
A coating of non-uniform thickness as de- 

50 scribed above may be combined with one 
or moTe__additional coatings or layers of 
uniform thickness and will still result in 
a mottled or variegated pattern of various 
colours. 

55 Example 2. 

Two cleaned pieces of glass were 
mounted within a chamber and, in the 
high vacuum created therein, there was 
deposited by thermal evaporation upon the 

60 glass a thin transparent layer of copper of 
a thickness of .030 microns. Upon this con- 



tinues thin layer, which had a transpar- 
ency of 20% and a reflectivity of 27%, 
there was next deposited by thermal eva- 
poration a layer of magnesium fluoride of 66 
.070 microns thickness. Thereafter the 
mirror was completed by coating one piece 
of the glass on the magnesium fluoride 
with an opaque backing of black paint. 

The second surface mirror thus employs 7.0 
a composite film element of copper and 
magnesium fluoride and a backing of 
opaque black paint. The mirror produced 
showed a visually effective red yellow red 
colour and clear reflected images of high 75 
brilliancy. The total reflectivity of the 
mirror was 50%. The colours of the 
mirror are expressed according to the 
Munsell colour system in these examples 
and generally in the further examples of 80 
this invention. The calculated thicknesses 
of the separate partially transparent lay- 
ers in terms of fractional quarter wave 
lengths as calculated by using the refrac- 
tive index of the individual layers for the 85 
wave length 4800 was 0.294 times a quar- 
ter wave length for the copper and 0.80 
times a quarter wave length for the mag- 
nesium fluoride layer. 

The second piece of glass carrying the 90 
same- two coatings was coated upon the 
magnesium fluoride with an opaque 
specular reflective backing of aluminum. 
The mirror provided with the specular 
reflective backing is disclosed and claimed 95 
m our copending application Serial ITo. 
22543/46 (Serial No. 652,858) and its 
descmption is presented here for purposes 
of comparison with the mirror employing 
a non-specular backing which forms the iQO 
subject matter of the present invention. 
This mirror was qxiite different from the 
muTor prepared above. Its total reflec- 
tivity was 55% and its colour was yellow 
red to red yellow red. The latter alum- 105 
mum backed mirror has more blue re- 
moved by interference and more red re- 
flected than occurs with the black paint 
backed mirror. 

Example 3, hq 
A white paint upon glass carrying the 
same copper and magnesium fluoride lay- 
ers gave a lighter shade mirror and 
yellower colour as compared with the 
black paint backed mirror. jjg 

ExAMPLJi! 4. 

A mirror was prepared in the same man- 
ner as m example 2 using tlie same con- 
tinuous thin semi-transparent films of cop- 
per and magnesium fluoride except that 120 
they were applied to the glass in reverse 
order, thaf is, the magnesium fluoride first 
and then the copper. The copper face was 
then backed with an opaque layer of Mack 
paint giving a second surface mirror of 125 
o2% total reflectivity and of a yellow red 
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to yellow red yellow colour. A compari- 
son of this mirror with the similar mirror 
prepared in. example 2 but with the two 
semi-transparent layers applied in reverse 

5 order, shows that the colours are quite 
different being, in this example, consider- 
ably lower in blue and red and conse- 
quently appearing more yellow. 

ExAiiPia 5. 

10 A thin continnoua layer of aluminum 
of .01 00 microns thickness was deposited 
upon two clean glass plates , in a vacuum 
by thermal evaporation. The coating- 
showed a transparen(;y of 50% and a re- 

15 flectivity of 8% and showed no particular 
colour. Thereafter within a vacmim a 
thin transparent continuous uniform 
layer of silica .082 microns in thickness 
was deposited upon the aluminum. Black 

20 paint was then applied on top of the silica 
in one case. The second coated glass was 
coated upon the silica with an opaque 
specular reflective silver backing by 
thermal evaporation. The mirror provided 

•ib with the specular reflective backing is dis- 
closed and claimed in our copending 
application Serial "So. 22043/46 (vSerial 
Xo. 652,8oSj and its description is pre- 
sented here for purposes of comparison 

30 with the mirror employing a non-specular 
backing which forms the subject matter of 
the present invention. The colour of the 
mirror backed by the black paint was 
brown black and of 8% total reflectivity. 

36 The spectral reflection curve for this mir- 
ror" is shown as 015, Fig. 13. The coloui 
o£ the silver backed mirror was yellow and 
the total reflectivity was 73%. It is 
apparent that the nature of the backing 

40 led to entirely different mirrors in the two 
cases where the composite partially trans- 
parent reflective elements were the same. 
The minima in the black paint backed 
mirror is at -5800 and the thickne.ss of the 

46 aluminum film in quarter wave length 
factors at such minima calculates as O.loD 
and the silica thickness as 0.82 quarter 
wave length factors. 

Example 6. 

50 Two mirrors were prepared on glass in 
exactly the same manner as in example 5 
and using the same partially transparent 
continuous layers of aluminum and silica 
in the same thicknesses except applied iu 

55 reverse order, that is, the silica layer first 
on the glass and then the aluminum. The 
backings, applied to the aluminum layer 
in this example were again black paint iu 
one case and specular silver iu the other. 

60 The mirror provided with a specular re- 
flecting backing is disclosed and claimed 
in copending application Serial Wo. 
22543/46 (Serial ISTo. 652,858) and its 
characteri.stics are presented here for 

65 purposes of comparison with, the mirror 



provided with the opaque non-specular re- 
flectiug backing which constitutes the sub- 
ject matter of the present invention. The 
first mirror was purple black in colour and 
of 9% total reflectivity. The second was 70 
vellow in colour and of . 45% total re- 
Sectivity. 

ESAMPLE.S 7, 8 ASD 9. 

Coloured mirrors produced by using a 
complex composite of partially trans- 75 
parent laminse cooperatively acting to pro- 
duce light interference effects backed^ up 
by a non-specular reflective black paint. 
In producing tliese mirrors there was first 
deposited on a piece of glass by thermal 8C 
evaporation in a vacuum a continuous uni- 
form layer of copper of .0054 microns 
thiclaiess and next, in a similar manner, 
a continuous uniform film of silica .037 
microns thiclc. On another piece of glass 85 
this deposition cycle of .0054 microns 
thick copper and .037 microns thick silica 
was repeated twice. On .still another piece 
of glass the cycle was repeated three 
times. TTiese three coated glasses were 90 
then coated on their silica faces with 
opaque blaclc paint. As can be seen from 
their spectral reflection curves Figures 
C24, C25 and C26, Figure 13, for the black 
paint backed single, double, and triple 95 
dual semi-transparent layers respectively, 
these three mirrors are all of different 
colour and reflectivities being blue black, 
red ijiirjile, and green black respectively 
and of 8%, o% and 6% total reflectivities 10< 
respectively. As calculated from the 
spectral minima appearing on tlie siJeetral 
reflection curve G24, Figure 13, and from 
the refractive index of the individual 
semi-transparent layers, the thickness of 10 
the copper and silica . layers in terms of 
quarter wave length factors are .030 and 
.380 respectively. . 

Example 10. 

A cleaned piece of transparent glass was 11 
coated on one side by chemically deposit- 
ing lead sulfide. This partially trans- 
parent coated glass was then introduced 
into a high vacuum and a thin transparent 
layer of silica was evaporated on top of the 11^ 
lead sulfide. To the coated piece there was 
then applied a coating of black paint upon 
the uncoated glass surface. This gave a 
coloured mirror giving clear reflected 
images in which the composite element of 12' 
tJie plurality of partially transparent lay- 
ers was on "the front side of the mirror 
support and the opaque backing was on 
the back side of the mirror support. 

Ex.ilIPLES 11 AND 12. 12 

A layer of thin partially transparent 
zinc sulphide and then a partially trans- 
parent thin layer of silica was deposited 
within a vacuum chamber on a plastic 
phenol-formaldehyde button of a dark 13( 
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brown colour -wMcl. was opaque was also 
placed in ths vacuum chamber and upon 
its surface the same deposits were applied. 
This gave a finished button with a highly 
5 reflective surface, the reflection from 
which was hig-hly coloured. 

As a further coloured article with 
mirror reflective surfaces a tumbler was 
prepared with the same coatings on its 

10 exterior wall. The tumbler which had 
vertical side walls was placed in the same 
vacuum at the time of forming the above 
deposits and the tumbler was rotated con- 
tinuously during the deposition of the zinc 

16 sulfide and silica layers. The tumbler was 
then finished by applying an opaque black 
paint coating upon its interior surfaces. 
Examples 13 and 14. 
As an example of a coloured mirror 

20 made by light_ interference effects using a 
composite laminffi comprising only metals 
as the component elements, there was first 
deposited on a piece of glass by thermal 
evaporation in a vacuum, a thin trans- 

25 parent continuous layer of copper of .011 
microns thickness, and next a thin trans- 
parent continuous layer of aluminum of 
.010 microns thickness. This mirror was 
backed by a substantially opaque layer of 

30 black paint. The completed mirror had a 
total reflectivity of 38%. The mirror 
showed distinct coloured images, and the 
mirror was yellow red yellow in colour. 
Examples 15 akd 16. 

36 Another mirror was madein exactly the 
same manner as the one in the preceding 
example and using the same thiebness 
layers but dif ering from the mirror in the 
preceding- example in that the thin con- 

40 tinnous light interference component ele- 
ments of the composite laminae were de- 
posited in reverse order, that is, the 
ahimimim film first and then th© copper. 
This gave a mirror which was of the same 

45 general colour tone as those in the preced- 
ing example but of lower total reflectivity. 
The mirror in this case had, a total re- 
flectivity of 25% and was brown gray in 
colour. Likewise, this mirror formed ex- 
50 cellent coloured images. 

In our coloured mirrors the total ihick- 
ness of the . composite element comprising 
the contacting partially transparent inter- 
ference layers with the adjacent layers 
55 having continuouslv contacting interfaces 
9A 

can be greater than but it is neces- 

4K 

sary that each separate layer be not greater 
9/V 

than . Also our mirrors have a re- 

. 41f 

fleetivity greater than that of the support 
60 and preferably greater than 10% in visible 
light. 



It will be apparent from the above 
description that we have provided col- 
oured minors or other mirror reflective 
articles of a wide range of colour char- 65 
aoteristics and of a wide range of reflec- 
tivity percentage characteristics which 
can be controlled as desired. The colour 
values in the reflective mirror films are 
secured primarily by the light interfer- 70 
ence effects but a,re_ modified by the selec- 
tive light transmission and absorption and 
the reflective character of our semi-trans- 
parent layers and further modified by the 
nature of the substantially opaque back- 75 
mg layer. As the colours are thus pro- 
duced by physical effects, they are per- 
manent and non-fading and the coloured 
mirrors produced are inexpensive. 

Various other advantages will be ap- 80 
parent from the preceding description and 
the following claims. 

Having now particularly described and 
ascertained the nature of our said inven- 
tion and in what manner the same is to 85 
be performed, we declare that what we 
claim is: — 

1. An article provided witli a mirror 
surface having an effective reflectivity to 
produce an adequate clear reflected image 90 
and also producing visually effective col- 
our, comprising a support element, a com- 
posite partially transparent light reflec- 
tive film element, said composite film ele- 
ment inherently producing colour by light 95 
ray interference and comprising a; plur- 
ality of different partially transparent 
layers of substances having different in- 
dices of refraction, each layer having a 
thicJcness falling within a range having a 100 

maximum of in which X represents a 

4ir 

wave length of light at which the mirror 
gives a minimum of reflected light and N" 
represents the refractive index of the 
material of said layer, and a substantially 105 
opaque non-reflecting or non-specularly 
reflecting film element on the back surface 
of and of different refractive index than 
tile one of said first mentioned elements in 
contact therewith, said substantially 110 
■opaque film element reflecting light back 
through said composite film element and 
modifying the coloured reflection produced 
by said composite film element, said com- 
posite film element having a total reflec- 115 
tivity greater than 10 per cent. 

2. An article as defined in " claim 1 
I. «^nrf^''^ ^^y^^' a thickness less 
than 0.082 microns. 

3. An article as defined in either of 120 
claims 1 or 2 wherein the substantiallv 
opaque film element absorbs at least one 
colour transmitted by said composite film 
element. 
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4. All article according to any of the 
preceding claims, wherein one of the lay- 
ers of the composite film element has a 
visible light transmission of between 10 

5 per cent, and 90 per cent. 

5. An article according to any of 
claims 1 — i wherein said snbstantially 
opaque film element is a pigmented paint 
or lacquer. 

10 6. An article according to any of the 
preceding claims, wherein the support ele- 
ment is transparent, the composite film 
element is on the front surface of the sup- 
port, and the substantially opaque film 

15 element is on the rear surface of the sup- 
port. 

7. An article according to any of claims 
1 — 5, wherein the support element is 
transparent, the composite film element is 

20 on the rear surface of the support eletnent, 
and the substantially ox)ac[\ie element is on 
the rear surface of the composite film ele- 
ment to provide a second surface mirror. 

8. An article according to any of claims 
25 1 — 5, wherein said support element is 

transparent, certain of the layers of said 
composite film element are on the front 
surface of the support, certain of the lay- 
ers of said composite film element are on 
30 the rear surface of said support, and the 
substantially opaque film element is be- 
hind the layers on said rear surface. 

9. An article according to any of the 
preceding claims, wherein all of the lay- 

36 ers of said composite film element are of 
uniform iihiclaxess. 

10. An article according to any of 
claims 1 — 8 wherein one of the layers of 
said composite film element is of non- 
40 uniform thichness to produce a mottled or 

variegated effect. 

11. An article according to any of the 
preceding claims, wherein at least one of 
the layers of the composite film element is 

45 an inorganic compoxind. 

12. An article according to any of 
claims 1 — 10 wherein at least one of the 



layers of said composite film element is n 

1-3. An article according to any of the 5 
preceding claims wherein the composite 
film element comprises layers of magnes- 
hua fluoride and copper. 

14. An article according to any of 
claims 1 — ^13 wherein the composite film ' 
element comprises layers of silica and 
aluminum. 

15. An article according to any of the 
preceding claims wherein the support ele- 
ment is a shaped body having its mirror 6 
surface formed with portions angularly 
disposed with respect to each other, where- 
by light rays incident upon tlie article and 
visible from a single point of observation 
travel in and are reflected back through 6 
the composite film element along paths of 
different lengths and upon emergence 
from the film means produce different re- 
flective colours from the different angu- 
larly related portions. _ ' 

16. An article according to claim lo 
wherein the article is a hollow glass article 
having inner and outer surfaces, and the 
composite film element is on one of said 
.surfaces. _ _ "i 

17. An article according to claim 16 
wherein said composite film means is on 
the outer surface. 

18. An article according to claim 17 
wherein the substantially opaque film ele- j 
ment is applied to the inside of the 
article. 

19. An article siibstantiaily as descrihed 
with reference to the accompanying draw- 
ings and examples. j 

Dated the 29th day of July, 1946. 
HASELTIKE, LAKE & CO., 
2S, Southampton Buildings, 
London, England, 
and 

19/25, West 44th Street. New York, 
U.S.A., 
Agents for tbe Applicants. 
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